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BACKGROUND
Paracetamol is the most widely drug used for the treatment of pain and fever, although it has a fairly acceptable safety profi le when used at the recommended dose. In the overdose situation, it may cause hepatotoxicity and fulminant hepatic failure. It is the main drug causing acute liver failure in some countries such as the United States, United Kingdom and other European countries (1) (2) (3) . According to the report of the adverse event reporting system of FDA in the United States between 1998 and 2005, paracetamol ranked 5th among drugs suspected of causing any serious non-fatal and fatal adverse reactions (4) . Acute liver failure (ALF) is a rare case, which can compromise the patient's life or end up in transplantation in more than 45% of cases. It is reported that the cause of acute hepatic failure is not demonstrated among 40-50% of paediatric patients (5) . The key factors to assess in paracetamol toxicity, such as the ingested dose and the time from the poisoning, are diffi cult to assess in children where accidental acute poisoning or medication errors are not rare. Paracetamol represents an important cause that must be taken into account in the assessment of any child with acute liver failure. In a multicenter study that determined the causes of acute liver failure in children less than 17 years of age, it was obtained that 8.8% of the patients had a history of paracetamol intake (6) . It has been observed that most intoxications in young children are accidental by oral via. Intentional intoxications are more frequent among adolescents. In Spain, the exposure to a potentially toxic substance is a rare cause of consultation in the paediatric emergency, which occurs in less than 0.3% of all consultations, with drugs being the substances most commonly involved in different paediatric age groups (7) . In a retrospective study conducted by our group between 2005 and 2010, the incidence of paediatric paracetamol intoxication was 0.8 [Poisson-95% confi dence interval (CI): 0.03-3.69] per 10.000 inhabitants aged less than 18 years. The most common cause of poisoning was attempted suicide (47.8%) in teenagers with a median of age of 15 years, followed by accidental poisoning (42.2%) in babies with a median of age of 2.65 years (8) .
The public health impact of paracetamol overdose has been evaluated in several epidemiological studies. A multicenter prospective study of patients younger than 18 years of age conducted in the Unites States between 1999 and 2004 found that of a total of 348 patients with ALF criteria, 14% were due to acute paracetamol poisoning (5) . The results are in contrast to data from a multicenter study in Spain, in which paracetamol was considered a cause of acute liver failure in only 2.2% of 267 cases identifi ed between 1992 and 2000 and the estimated incidence of acute liver failure during the study period was 1.4 cases per million of habitants per year, although the origin of 30% of cases remains undetermined (9) . However, it is striking that the oral solution formulations marketed for children in Spain are more concentrated (100 mg/ml) than those marketed in the United States (32 mg/ml). On the other hand, ALF after therapeutic intake is highly unusual and the mechanism by which it is produced has not yet been determined. In a clinical trial performed in healthy adult volunteers who received 4 gr of paracetamol per day as a single dose or in combination with opioids during 14 days it was registered an increase of GPT values (more than 5 times the upper limit of normal) in more than 19% of participants compared to 3% in placebo group (10) . In an epidemiological study, the relative risk (RR) of acute liver failure with therapeutic doses of paracetamol was 7 (CI 99%: 3.3 -13.9) with an estimated incidence rate of 2.4 cases per 100,000 person-years of exposure (11) . In our retrospective study, we found that only 1 of 49 patients with acute poisoning showed hepatotoxicity, whereas 7 of 8 patients with chronic poisoning showed hepatotoxicity, of which 3 met criteria of acute liver failure (8) .
Craig et al (12) evaluated hospitalized patients admitted for impairment of liver function secondary to paracetamol intake between 1992 and 2008, obtaining 663 patients, of whom 161 (24.3%) had chronic use of this drug (defi ned as the intake of 2 or more supratherapeutic doses of paracetamol over a time interval of more than 8 hours, resulting in a cumulative dose greater than 4 grams per day). It was evidenced that patients with chronic intake were more likely to develop hepatic encephalopathy at any time of clinical evolution than patients with acute ingestion. Similar results were obtained in the study conducted at our hospital, where retrospectively evaluated cases with suspected paracetamol intake in both adults and children, it was observed that patients with chronic paracetamol intake were at higher risk of developing ALF than patients with acute ingestion (8, 13) .
The role of metabolism in the mediation of toxicity has been recognized since the 1970s and has been studied in animal models to understand the mechanism of paracetamol hepatotoxicity (14) (15) (16) where oxygen and nitrogen stress are considered important in mediating toxicity (17) (18) (19) (20) (21) . On the other hand, biochemical and ultrastructural studies have shown that toxic doses of paracetamol could cause changes in the morphology and function of hepatic mitochondria (22) . Thus, in rodents, binding of the toxic metabolite to proteins leads to mitochondrial dysfunction and nuclear DNA fragmentation, resulting in necrotic cell death. This mechanism has been proposed to explain the hepatic toxicity of paracetamol in humans. McGill et al have published this mechanism of hepatotoxicity in humans after intake of supratherapeutic doses of paracetamol (23) . It is important to determine the detection of the biomarkers of liver damage in early stage. Metabolic technology (with mass spectrometry and nuclear magnetic resonance) may have the ability to identify specifi c biomarkers of adverse events and toxicity in the early stages (24) . After low doses of paracetamol, 90% of this drug is metabolized to paracetamol-glucuronide and paracetamol-sulfate in the liver by glucuronyltransferase and sulfotransferase and subsequently eliminated through the urine. Conjugation sulfate is the dominant metabolic pathway in neonates and young children, but glucuronid metabolism increases with age and less than 10% is metabolized by cytochrome P450 to form NAPQI, which is immediately neutralized by conjugation with glutathione and excreted in the urine as cysteine and conjugates of mercapturic acid. In a situation where paracetamol overdose, or in circumstances where there is a reduction of glutathione, the metabolite NAPQI is covalently bound to the cellular proteins forming adducts (25) . James LP et al. recognized that there was a correlation between adducts and clinical markers of hepatotoxicity commonly used in children and adolescents with paracetamol overdose (26) . In addition, the adducts were not found in patients with other known causes of acute hepatic failure and in those patients receiving N-acetyl cysteine treatment were able to detect low levels of adducts.
Metabolomics is the science responsible for the detection, identifi cation and quantifi cation of metabolites present in biological samples. The absence or presence of some of these metabolites, as well as the relative concentration between them, may be an indicator of disease states or predisposing factors. In recent decades it has also evolved in the use of transcriptomic technology to understand the mechanism of liver toxicity. Gene expression can provide information that refl ects the physiological status of the body. Bushel et al (27) confi rmed the hypothesis that gene expression patterns derived from peripheral blood cells could predict the degree of liver injury following an acute overdose of paracetamol before it can be detected by traditional parameters. Analysis of the genes revealed more alteration in the infl ammatory pathways involving IL-1 and NF-kB. Treatment with paracetamol has been shown to produce expression in blood cells 48 hours after initiation of treatment without liver damage. The magnitude of these changes in expression correlated positively with the production of NAPQI metabolite and the increase in serum lactate, as demonstrated in metabolomics studies.
The Rumack-Matthew nomogram is widely used and assesses the need to administer the N-acetylcysteine antidote (NAC) after an acute paracetamol poisoning (28) . The nomogram was based on data from timedependent paracetamol concentrations in the population with an acute overdose of paracetamol that came to the emergency services within the fi rst 24 hours of the intake. The assessment of the risk of hepatotoxicity is diffi cult to evaluate in patients who do not meet the following criteria: children, arrival at the emergency department 24 hours after the intake, chronic overdose of paracetamol, the presence of risk factors (dehydration, alcoholism) (29) , concomitant user of other medication (particularly enzyme inducers) (30) and patients with sustained release paracetamol formulations (31) . An important difference between the nomogram and the adduct-based assessment is that the former focuses on the determination of the levels of the original drug regardless of metabolism, while the adduct levels are a measure of the remaining NAPQI from detoxifi cation by glutathione, as well as the contributions of both phases of metabolism.
The identifi cation of paracetamol toxicity biomarkers could have important clinical implications for groups of patients who can not apply the Rumack-Matthew nomogram. And could be useful in the evaluation of children with acute liver failure of unknown etiology, in addition to predict the occurrence of liver damage in its early stage. On the other hand, it is necessary to perform an evaluation of acute poisoning by the Rumack-Matthew nomogram in these patients.
OBJECTIVES

Primary:
• To determine the clinical factors and biomarkers (pharmacokinetics, genetics and metabolomics) that predicts the development of hepatotoxicity in the paediatric population after acute and chronic paracetamol intake.
• To develop a predictive model to assess the risk of hepatotoxicity in acute and chronic paracetamol overdoses adapted to paediatric patients for use in clinical practice.
Secondary
• Characterize acute and chronic overdoses of paracetamol, according to demographic characteristics, intake reason, dose, serum paracetamol levels, transaminase values, bilirubin, creatinine, INR, prothrombin activity, phosphate, pH.
• To determine paracetamol pharmacokinetics in paediatric population in acute overdose.
• To study paracetamol pharmacokinetics in paediatric population in chronic overdose.
• To evaluate the clinical and analytical course of chronic paracetamol overdose.
• Create an action protocol in cases of chronic overdoses by paracetamol in the paediatric population.
• Design of a nomogram in pediatric population that could be useful for predicting the risk of hepatotoxicity in this population.
METHODS
Design and setting
This study is designed as an observational prospective study (protocol code: GEIPA-2012-01, AEMPS classifi cation: EPA-OD, Study Reference Number of European Network of Centers for Pharmacoepidemiology and Pharmacovigilance (ENCePP: ENCePP/SDPP/3276) with case control for the evaluation of biomarkers of liver damage effi cient to detect liver damage in early stages of acute and chronic paracetamol overdose in paediatric population. This study will be performed in La Paz
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University Hospital, Niño Jesus Hospital and Gregorio Marañón University Hospital in Madrid (Spain).
Study population and inclusion criteria
The target population will be a cohort of paediatric patients under 18 years with suspected paracetamol overdose ingestion who will be treated in the emergency department of La Paz University Hospital, Niño Jesus Hospital and Gregorio Marañón University Hospital with established criteria for suspected overdose of paracetamol, both acute and chronic 
Study timeline
Data collection
Patient's clinical information will be collected by medical history review and a personal interview with patients and relatives. The fi rst samples (point A) will coincide with the determination of paracetamol concentrations, liver and renal function and coagulation upon arrival to the emergency department. In addition, a portion of the blood will be requested for genetic determination and metabolomic analysis (the additional amount will be 2.5 ml) plus a urine sample for the metabolomic profi le. A second sample (point B) for control analysis (blood count, coagulation, liver function and renal function) and paracetamol concentrations, a portion of the blood will be required for metabolomic (the amount of additional blood will be 2 ml) and urine for metabolomic profi le. As part of the clinical control, the patients will be evaluated at 72 to 96 hours after paracetamol intake for a new clinical and analytical assessment. We will request a portion of the third blood sample of analytical control of approximately the same amount as the second (2 ml) and urine for metabolomic (point C). Summary table of blood samples in patients with the lowest weight established to participate in the study (6 Kgs) is shown in table 5. All blood samples and biomasses will be sent to the Clinical Pharmacology Service (paracetamol toxicity group in children).
a. Preservation of blood samples for genotyping and genotyping technique.
For pharmacogenetic analysis, a sample of whole blood (in tube with EDTA-K2) will be obtained and stored in a freezer at -80ºC located at the Clinical Pharmacology Service. DNA extraction will be performed using the QuickGene DNA blood kit S kit (Fujifi lm®, Düsseldorf, Germany). Subsequently, allele genotyping will be performed by a customized open array (PharmArray®), in the Medical and Molecular Genetic Institute of La Paz University Hospital.
b. Preservation of samples for metabolomic analysis and metabolomic technique.
The metabolomic analysis will be performed from the 3 urine samples and the 3 serum samples and the plasma sample from the point A extraction. The samples will be analyzed and interpreted in the Interdepartmental Research Service at the University of Medicine of the Universidad Autonoma de Madrid.
Case Report Form (CDR)
Each patient´s CDR will include the following information:
• Age, sex, ethnic group and weight of the patient.
• Date and time of admission to paediatric emergencies.
• Time elapsed from paracetamol intake to arrival in the emergency service.
• Presence of risk factors (Malnutrition, prolonged fasting (> 1 day) anorexia-bulimia, cachexia, cystic fi brosis, present dehydration, total parenteral nutrition, previous liver disease, AIDS, previous alterations of renal function, chronic alcohol consumption, previous prolonged treatment with drugs that stimulate Acute and chronic paracetamol overdose in paediatric populati on: Protocol of a prospecti ve study of cohort to evaluate clinic factor and biomarkers to predict development of hepatotoxicity.
cytochrome P450, Gilbert's disease).
• Dosage of paracetamol ingested, dietary intake (acute or chronic).
• Formulation of paracetamol ingested.
• Other drugs ingested in the last 15 days, start date and end date.
• Analytical Findings: GPT/ALT (UI/L), GOT/ AST, GGT (UI/L), Total Bilirubin (mg/dl), Alkaline phosphatase (IU/L), Prothrombin Activity (%), INR, Glucose (mg/dl), Lactic acid (mg/dl), Phosphate (mg/dl), Serum creatinine (mg/dl).
• Treatment received and time elapsed (since ingestion): N-Acetylcysteine, gastric lavage, activated carbon.
• Symptoms prior to paracetamol intake: fever, pain, other.
• Symptoms after paracetamol intake: abdominal pain, nausea, vomiting, decay, altered level of consciousness, irritability.
• Risk assessment of hepatotoxicity by Rumack-Matthew nomogram: yes or no.
• Result of Rumack-Matthew Nomogram.
• If Rumack-Matthew nomogram could not be applied, explain why.
• Outcome of the hospitalization: discharge, transfer (motive), exitus, transplant.
Withdrawal criteria
Patients may discontinue their participation in the study at any time. The research doctor, in his or her opinion or judgment, may also withdraw a patient from the study if required by the patient´s clinical situation or if the patient does not comply with the protocol. The cause and justifi cation of the withdrawal will be refl ected in the study development.
Sample size calculation
Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a bilateral contrast, al least 36 cases and 144 controls (72 controls 1, 72 controls 2) are required to detect a minimum odds ratio of 3. It is assumed that the rate of exposure in the control group will be 0.4. A followup loss rate of 0% has been estimated. The POISSON approximation has been used.
Data análisis • Statistical analysis of the results:
Frequency results will be expressed in absolute terms, such as percentages and confi dence intervals. Continuous variables will be expressed as mean (SD) and median (range) according to normality test (Kolmogorov Smirnov test). For the estimation of differences between variables Chi square or Student's T will be used if they are parametric. In case of not following a normal distribution, non-parametric tests (U of Mann-Whitney or Kruskal Wallis, as appropriate) will be used. The data will be analyzed using the statistical computing environment R (R Development Core Team, 2013) and RStudio. To determine the factors associated with liver damage, a multivariate logistic regression will be performed in which the dependent variable will be the presence of hepatotoxicity (following previously defi ned parameters) and as independent factors: demographic, clinical, analytical, kinetic, genetic and metabolomic factors.
-Likewise, multivariate linear regression will be used to determine the relationship between transaminases values and factors (demographic, clinical, kinetic, analytical, and genetic).
For the development of the nomogram, at least two samples per patient will be collected to determine the level of paracetamol in relation to the hours elapsed since ingestion, a curve is created that relates both parameters and through a ROC curve determine the cutoff point for greater specifi city and sensitivity.
• Causality analysis
In those cases where hepatic function is impaired, a causality analysis will be carried out using the algorithm of the Spanish Pharmacovigilance System (32) and CIOMS (33) to detect cases attributable to paracetamol.
Ethical aspects
Researchers are strictly attending to the provisions of this protocol and the standards of good clinical practice. The European Community guidelines included in the fourth section of chapter V of "Notice to Applicants" and "Notice to Marketing Authorization Holders" shall be followed. Pharmacovigilance The detection of hepatotoxicity during the drug development phase is complicated. One of the reasons is that an effi cient biomarker of liver damage is not available to detect liver injury in the early stages (34) . Alanine aminotransferase values have been traditionally used to diagnose patients with acute liver injury after paracetamol intoxication; however, in acute overdose, the elevation of this biomarker may be delayed 48-72 h after ingestion, hindering prompt recognition of the overdose. Thus in recent years, there has been research into the presence of other biomarkers that could effectively and promptly predict the occurrence of liver damage before ALT elevation. Antoine et al., 2013 (35) found 3 possible biomarkers: elevation of microRNA-122, a marker of necrosis (HMGB-1) and markers of necrosis and apoptosis (K18). On the other hand, studies performed by the covalent junctions that form between NAPQI and cellular proteins can be used to identify patients with occult toxicity by paracetamol (26, 36) . The metabolic technology (with mass spectrometry and nuclear magnetic resonance) may have the ability to identify specifi c biomarkers of adverse events and toxicity in the early stages (24) . The development of these new biomarkers focuses on the metabolic pathways of paracetamol and the mechanisms responsible for its toxicity. However, despite the research, the molecular and cellular events associated with an overdose of paracetamol are not completely understood and the toxicity of this drug remains an unresolved clinical problem. The development of new biomarkers of paracetamol toxicity could be useful in the diagnosis and/or management of these patients. The objective of the present study is the determination of new biomarkers that are specifi c to the overdose of paracetamol and may be useful in the evaluation of children with acute liver of unknown etiology, in addition to being able to predict the appearance of hepatic injury in its early stage.
On the other hand, it is necessary to make an evaluation of the acute overdose of this drug in the paediatric population and to verify the usefulness of the RumackMatthew nomogram in these patients. It is known that the nomogram was based on data from time-dependent paracetamol concentrations in adults with a single intake of paracetamol that came to the emergency department within the rst 24 hours post-ingestion. But this nomogram has been not assessed in children, lateonset (> 24 hours a er ingestion), chronic paracetamol intake, concomitant intake of others drugs that may alter the pharmacokinetics of paracetamol, and patients with intakes of prolonged release paracetamol formulations. We think that it is necessary to perform an evaluation of Rumack-Matthew nomogram in these patients.
Our data indicate that from a pragmatic standpoint, the chronic toxicity cases in children should be taken into greater consideration. e administration of the antidote is e ective in the rst 8 hours following poisoning; thereby the risk of hepatotoxicity is signi cant in patients with chronic poisoning because N-Acetylcysteine is less e ective for late-presenting patients. Mahadevan et al (37) found that late arrival to the hospital following a paracetamol poisoning was a risk factor for developing severe hepatotoxicity, thereby increasing mortality. e relationship between chronic ingestion and hepatic toxicity revealed that these episodes are less frequent than acute poisoning, but the potential risk is higher (a signi cant OR of 65.93 for hepatitis and 28.50 for acute liver failure). e increased severity observed in chronic poisoning might be due, among other factors, to the poor perception by parents/guardians of the high risk of hepatotoxicity associated with the repeated consumption of supratherapeutic doses. is lack of perception is evidenced by the delay in seeking medical help, a delay that is greater in chronic consumers than non-chronic consumers. Also, if physicians did not suspect paracetamol poisoning enough or if they use the Rumack-Matthew nomogram to decide the risk, it will be too late to avoid severe hepatotoxicity.
e present study began in 2012, by the time of publication of this article; 37 cases have already been recruited, of which 32 for acute intoxication and 5 for chronic intoxication. We expect that the results of this study can help to improve DISCUSSION medicinal products for human use, the study will be evaluated by the Ethical Committee of Clinical Research of the La Paz University Hospital. The current revision of the Helsinki declaration that can be consulted in World Medical Association website (http://www.wma. net/en/30publications/10policies/b3/index.html) is the accepted basis for ethics in human research and must be scrupulously followed and respected by all persons involved in such research. Only the researchers will know the data (initials of the name of the patient and number of clinical story) that can identify the patients. The initials of the names and the patient's history number are separated from the rest of the case report form, and there are no entries entered into the study database. The patient will be identifi ed by a numerical code in order to respect the confi dentiality of patient's personal data, as established in Organic Law 15/1999 on Personal Data Protection. The collection and handling of samples will follow the indications established in Law 14/2007, of July 3, on biomedical research. 
